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ABSTRACT 

N-nitrosodimethylamine  (NOMA)  levels  above  the  Interim  Maximum  Acceptable 
Concentration  of  0.009  fig/L  (9  ppt)  have  been  encountered  in  treated  water  from 
the  Ohsweken  water  supply  during  winter  months  since  monitoring  began  in  1989. 
NOMA  has  very  rarely  been  detected  in  raw  Grand  River  water.  Studies  conducted 
by  Water  Resources  Branch  Drinking  Water  Section  Staff,  commencing  in  February 
1992,  demonstrated  that  this  compound  could  be  formed  by  laboratory  emulation 
of  the  plant  treatment.  Optimization  of  physical  treatment  processes  yielded  an 
improvement  in  treated  water  quality  and  a  reduction,  but  not  elimination  of  NDMA. 
Results  of  several  laboratory  studies  aimed  at  inhibiting  NDMA  formation  by 
alteration  of  conventional  treatment  methods  have  not  consistently  been 
successful.  Ultraviolet  irradiation  is  the  ortly  method  examined  to  date  which  has 
consistently  produced  water  with  NDMA  levels  below  detection.  This  report 
discusses  the  details  of  work  conducted  to  date  including  the  effectiveness  and 
costs  of  implementation  of  ultraviolet  light  treatment. 


INTRODUCTION 

Detectable  levels  of  N-nitrosodimethylamine  (NOMA)  have  been  encountered 
during  routine  monitoring  of  treated  water  from  the  Ohsweken  water  supply  since 
December,  1989.  MDMA  has  frequently  been  detected  above  the  Ontario  Drinking 
Water  Objective  Interim  Maximum  Acceptable  Concentration  of  0.009  ^g/L  or  9 
parts  per  trillion.  While  NOMA  has  frequently  been  detected  in  treated  water, 
particularly  during  winter  months,  corresponding  raw  Grand  River  water  samples 
taken  from  the  water  plant  intake  have  rarely  yielded  positive  results. 

A  study  commissioned  by  the  Six  Nations  Band  Council  in  1990  suggested  that  the 
combination  of  chlorine  and  a  polyelectrolyte  coagulant  aid  used  in  the  water 
treatment  process  may  be  responsible  for  the  positive  NDMA  results  (Child,  1990). 
Use  of  this  polymer,  a  quaternary  ammonium-based  compound  not  commonly 
used  in  Ontario,  was  discontinued  at  Ohsweken  in  1990.  The  theory  that  the 
polymer  was  involved  in  NDMA  formation  was  weakened  when  subsequent 
monitoring  revealed  detectable  levels  of  NDMA. 

Following  the  reappearance  of  NDMA  in  the  treated  water  from  Ohsweken  in 
January  1992  samples,  Health  and  Welfare  Canada  requested  assistance  from 
Ministry  of  Environment  and  Energy  (MOEE)  Drinking  Water  Section  (DWS)  Staff 
in  resolving  this  problem.  An  intensified  monitoring  program  was  established  and 
the  plant  operation  was  reviewed.  The  purpose  of  the  ensuing  study  was  aimed 
at  accomplishing  several  tasks  including: 

1)  Verification  of  sampling  methods  to  ensure  that  the  values  reported  were 
representative; 

2)  Investigation  of  the  reasons  for  the  occurrence  of,  and  inhibition  of  the 
formation  of  NDMA; 

3)  Examination  of  the  plant  treatment  process  and  application  of  the  results 
of  inhibition  studies  aimed  at  identifying  an  easily-implemented  solution  to 
eliminate  NDMA  formation. 

Subsequent  monitoring  has  confirmed  the  frequent  occurrence  of  NDMA 
throughout  the  Ohsweken  distribution  system.  Laboratory  simulation  of  plant 
treatment  processes  has  demonstrated  that  this  compound  is  being  formed  during 
treatment.  Modification  of  the  plant  treatment  process  has  yielded  a  substantial 
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improvement  in  the  overall  quality  of  treated  water  and  a  reduction  (but  not 
elimination)  of  detectable  levels  of  NOMA.  Studies  conducted  on-site  at  the 
Ohsweken  plant  and  in  the  DWS  laboratory  have  examined  both  conventional  and 
advanced  treatment  techniques  for  eliminating  or  inhibiting  the  formation  of  this 
compound. 

This  report  discusses  the  results  of  work  aimed  at  finding  a  solution  to  the 
recurring  detection  of  NOMA  in  the  Ohsweken  Water  Supply.  This  study  has 
consisted  of  several  components  including  examination  of  treatment  methods  to 
inhibit  NOMA  formation,  and  evaluation  of  methods  designed  to  eliminate  NOMA 
after  forming.  The  individual  components  of  this  study  are  outlined  in  the  flowchart 
on  page  4  of  this  report.  Discussion  of  the  results  of  two  related  reports,  the  1992 
DWSP  Annual  Report  (MOEE,  1992)  and  the  Ohsweken  Water  Plant  Optimization 
Study  (LeCraw,  1993),  are  not  included  in  this  report  except  where  pertaining  to 
NOMA. 

SUMMARY  AND  CONCLUSIONS 

NOMA  has  frequently  been  detected  in  treated  water  from  Ohsweken, 
however,  it  has  rarely  been  observed  in  raw  Grand  River  water  samples. 
NOMA  was  detected  in  only  4  of  a  total  of  62  raw  water  samples  since  the 
monitoring  program  began  in  December  1989. 

NDMA  is  produced  by  conventional  water  treatment  techniques  employed 
at  the  Ohsweken  treatment  plant.  NDMA  can  also  be  formed  by  duplicating 
these  techniques  in  the  laboratory  using  Grand  River  water. 

NDMA  is  not  a  contaminant  associated  with  the  specific  treatment  chemicals 
used  at  the  Ohsweken  water  plant.  When  using  raw  water  from  the 
Ohsweken  plant  intake,  formation  of  this  compound  occurs  regardless  of 
the  source  of  treatment  chemicals. 

NDMA  formation  is  not  eliminated  by  alteration  of  the  types  of  treatment 
chemicals  or  their  points  of  application.  Using  raw  water  from  Ohsweken, 
NDMA  formation  could  not  be  suppressed  by  treatments  using  different 
oxidants,  coagulants  or  chlorination  strategies.  No  alternative  method  of 
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conventional  treatment  examined  to  date  has  been  consistent  at  eliminating 
NOMA  formation. 

Destruction  of  NDMA  by  Ultraviolet  (UV)  irradiation,  an  advanced  oxidation 
process,  is  the  only  treatment  examined  to  date  which  is  capable  of 
consistently  reducing  NDMA  to  levels  below  detection. 

Laboratory  investigations  using  ultraviolet  irradiation  on  N DMA-spiked 
treated  water  from  the  Ohsweken  plant  have  been  successful  in  reducing 
NDMA  levels.  These  results  indicated  that  NDMA  can  be  reduced  to  non- 
detectable  levels  at  an  ultraviolet  dosage  of  approximately  2.6  kWh/m^  (10 
kWh/1,000  US  gallons). 

On-site  pilot  work  has  confirmed  the  capability  of  UV  irradiation  at 
destroying  NDMA.  UV  dosages  required  to  eliminate  NDMA  under  realistic 
plant  conditions  appear  to  be  lower  than  predicted  from  lab  work.  During 
pilot-scale  studies  a  UV  dosage  of  1.26  kWh/m^  was  sufficient  for  NDMA 
destruction.  Comprehensive  analyses  of  UV-irradiated  water  indicated  that 
harmful  by-products  were  not  formed  during  treatment. 

Based  on  pilot-scale  UV  studies,  a  single  30  kW  UV  unit  would  be  sufficient 
to  treat  average  plant  flows.  Capital  cost  is  estimated  at  $110,000  plus 
engineering  costs.  Operating  costs  for  this  type  of  unit  are  expected  to  be 
approximately  $3,500  per  year  for  power  and  lamp  replacement,  based  on 
eight  hour  per  day  operation. 

During  studies  using  ultraviolet  -  titanium  dioxide  (UV-TiOj)  treatment,  only 
two  runs  exhibited  pre-treatment  NDMA  levels  of  10  ppt  or  greater.  Based 
on  this  limited  information,  acceptable  reduction  of  NDMA  levels  was  not 
achieved. 

Fine-tuning  of  the  plant  operation  has  achieved  an  improvement  in  finished 
water  quality.  Further  optimization  of  the  existing  process,  following 
recommendations  outlined  in  the  Water  Plant  Optimization  Study  report,  is 
an  important  step  in  continued  remedial  actions. 
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FORMATION  INHIBITION  STUDIES 


These  studies  were  designed  to  examine  alternative  treatment  methods  that  could 
be  implemented  without  a  large  capital  expenditure.  By  tailoring  the  jar  test 
procedure  to  reflect  plant  conditions,  several  treatment  changes  were  examined 
in  the  lab.  A  simple  schematic  of  the  Ohsweken  plant  process  is  shown  below  in 
Figure  1. 


FIGURE  1  -  OHSWEKEN  PLANT  TREATMENT  PROCESS 


Hypochlorite 


Hypochlorite 


Coagulant 


Flash 
Mix 


►  iximmx»» 


i 


Upflow         Dual  Media    Clearwell 
Clarifiers      Filters 
(2)  (2) 


At  an  early  stage  in  the  study  it  was  demonstrated  that  NOMA  could  be  formed  by 
laboratory  simulation  of  the  water  plant  operating  conditions,  using  raw  Grand 
River  water  collected  from  the  plant  intake.  These  treatments  involved  the  addition 
of  aluminum  sulphate  and  sodium  hypochlorite  as  used  in  the  Ohsweken  plant. 
Several  attempts  were  made  to  inhibit  NOMA  formation  by  minor  variations  of  the 
existing  process.  Figures  2.1  and  2.2  summarize  the  results  of  these  formation 
inhibition  studies  conducted  as  of  the  end  of  May  1993.  All  reported  results  of 
NOMA  analyses  conducted  for  the  NOMA  laboratory  studies  represent  an  average 
of  duplicate  samples. 
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The  simulation  of  the  plant  treatment  served  as  the  control  for  the  formation 
inhibition  studies,  since  NDMA  was  not  in  the  raw  water.  Treatment  chemicals  and 
conditions  were  altered  in  an  attempt  to  identify  a  treatment  regime  that  would  not 
form  NDMA.  These  control  treatments  are  listed  in  Figure  2.1  as  "alum  +  CI2"  or 
"PACL  +  CI2";  PACL  refers  to  polyaluminum  chloride  and  CI2  refers  to  sodium 
hypochlorite.  Runs  1A  through  1D  were  all  conducted  on  the  same  batch  of  raw 
water.  The  ability  to  form  NDMA  in  the  laboratory  under  conditions  very  similar  to 
the  actual  method  of  formation  in  the  plant  has  been  an  important  tool  in 
investigating  methods  of  inhibition. 

The  effect  of  altering  the  point  of  chlorination  and  the  chlorine  itself  was  examined. 
These  runs,  consisting  of  addition  of  coagulant,  followed  by  conventional  treatment 
and  post-chlorination,  are  listed  in  Figure  2.1,  Run  IB  as  "post-chlorination"  and 
"post-chlorination  (DWS)".  The  DWS  refers  to  a  source  of  chlorine  different  from  the 
Ohsweken  plant  (the  Drinking  Water  Section  lab).  From  these  results,  it  was 
demonstrated  that  NDMA  is  not  specifically  associated  with  contaminants  in  the 
chlorine  used  in  Ohsweken. 

The  method  of  chlorination  was  thought  to  have  the  potential  to  affect  NDMA 
formation.  It  was  suggested  that  chloramination  (creating  a  combined  chlorine 
residual  by  adding  ammonium  sulphate  before  treatment)  may  eliminate  the 
formation  of  NDMA.  Results  of  these  treatments,  listed  in  Figure  2.1,  Run  1A  as 
"chloramination",  did  not  indicate  NDMA  reduction  when  ammonium  sulphate  was 
added  to  create  a  combined  chlorine  residual. 

Initial  results  using  PACL  following  chlorination  in  place  of  aluminum  sulphate  as 
a  primary  coagulant  appeared  to  significantly  reduce  NDMA  formation.  Subsequent 
results  indicated  a  less  significant  reduction  in  NDMA  formation  when  using  PACL. 
The  results  of  these  analyses  are  listed  as  Run  1A  and  1B  in  Figure  2.1.  The 
primary  coagulant  in  use  at  the  plant  was  changed  from  alum  to  PACL  in  February, 
1992  as  PACL  demonstrated  an  improvement  in  operation  with  respect  to  physical 
treatment. 

In  an  attempt  to  explain  the  observed  reduction  in  NDMA  formation  when  using 
PACL  in  place  of  alum,  it  was  proposed  that  the  pH  suppression  created  by 
treatment  chemical  addition  assists  In  the  reaction  of  dimethylamlne  (DMA)  with 
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nitrite  to  form  NOMA  (Meresz,  1992;  Dart,  1992;  personal  communication).  The 
apparent  reduction  in  NOMA  levels  when  using  PACL  may  have  been  due  to  the 
tendency  of  PACL  to  have  less  of  an  effect  on  pH  than  alum. 

Based  on  the  above  premise,  pre-treatment  pH  adjustment  was  examined.  Soda 
ash  (30  mg/L)  was  added  prior  to  treatment  in  Runs  2  and  3,  to  buffer  the  pH 
suppression.  Results  of  these  runs  did  not  yield  a  significant  difference  between 
pH-adjusted  and  control  samples. 

There  is  evidence  that  the  potential  of  the  raw  water  to  form  NOMA  deteriorates, 
even  during  short-term  storage  in  the  dark  at  low  temperatures.  This  observation 
has  limited  the  confidence  in  results  of  laboratory  studies  which  examined  PACL 
and  hypochlorite  independently  (Run  1C).  Control  treatments  for  Runs  1 A  through 
ID  (Figure  2.1),  which  used  the  same  batch  of  raw  water,  showed  a  general 
decline  in  NDMA  formation  potential  over  the  study  period. 

Potassium  ferrate  has  been  shown  to  reduce  NDMA  levels  in  wastewater  (Bartzatt 
and  Nagel,  1991).  As  evident  from  Run  ID  data,  potassium  ferrate  treatments 
yielded  NDMA  levels  higher  than  in  the  control  samples.  This  run  was  conducted 
prior  to  the  availability  of  Run  1C  results,  due  to  the  analytical  time  lag.  The 
conclusions  that  can  be  drawn  from  this  run  are  limited  as  a  result  of  the  apparent 
reduction  of  the  raw  water  NDMA  formation  potential. 

During  the  development  of  an  analytical  method  for  DMA,  it  was  noted  that  chlorine 
(sodium  hypochlorite)  was  capable  of  reducing  levels  of  the  suspected  NDMA 
precursor,  DMA  (Meresz,  1992).  Laboratory  trials  involving  chlorination  of  DMA- 
spiked  raw  Grand  River  water  followed  by  coagulant  addition  answered  several 
questions.  These  trials,  shown  in  Figure  2.1  as  Run  4,  involved  the  control 
treatment  (coagulant  addition  followed  by  chlorination)  and  two  different  chlorine 
contact  times  prior  to  coagulant  addition.  Results  of  analyses  did  not  indicate  any 
significant  difference  between  NDMA  levels  produced  by  adding  chlorine  first  or  by 
altering  the  chlorine  contact  time. 

Results  of  Run  4  indicated  that  DMA-spiked  raw  Grand  River  water,  when  exposed 
to  conventional  treatment,  was  capable  of  forming  NDMA.  This  helps  to  confirm  the 
theory  that  DMA  is  a  precursor,  however,  the  exact  mechanism  of  formation 
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remains  unknown.  Since  DMA  was  artificially  spiked,  it  is  not  possible  to  conclude 
that  this  NDMA  formation  mechanism  is  identical  to  that  observed  in  the  plant. 

The  DMA  spike  level  used  for  Run  4  was  approximately  0.35  mg/L,  which  may 
exceed  typical  DMA  levels  for  Grand  River  water.  Different  chlorine  contact  times 
prior  to  coagulant  addition  did  not  appear  to  affect  NDMA  formation.  Examination 
of  the  potential  for  chlorine  to  oxidize  the  DMA  precursor  may  not  have  been 
adequate  as  the  hypochlorite  dosage  used  may  not  have  been  sufficient  to  oxidize 
the  DMA. 

Run  5  in  Figure  2.2  shows  the  results  of  using  an  alternative  disinfectant 
(potassium  permanganate;  KMn04)  and  an  alternative  coagulant  (ferric  sulphate). 
Raw  Grand  River  water  was  spiked  with  20  ppb  (20  ^g/L)  DMA  and  subjected  to 
plant  treatment  conditions  in  the  DWS  laboratory.  The  "PACL  +  KMN04"  treatment 
produced  lower  NDMA  levels  than  the  control,  however,  these  levels  remained 
above  the  9  ppt  guideline.  Treatment  using  ferric  sulphate  was  not  significantly 
different  from  the  control  treatment. 

Results  of  the  effect  of  the  treatment  chemicals  used  independently  and  the  effect 
of  air  stripping  are  shown  in  Figure  2.2,  Run  6.  As  in  Run  5,  raw  Grand  River  water 
was  spiked  with  20  ppb  (20  pg/L)  DMA  and  subjected  to  plant  treatment 
conditions  in  the  DWS  laboratory.  As  indicated  by  "PACL  CONTROL",  96  ppt 
NDMA  was  formed  from  this  control  treatment.  Polyaluminum  chloride,  when  used 
without  chlorine  (listed  as  "PACL  (no  CL2)")  produced  NDMA  levels  significantly 
lower  than  the  control.  Chlorine,  when  used  without  PACL  (listed  as  "CL2  (no 
PACL)")  also  produced  lower  NDMA  levels  than  the  control  treatment.  Although 
significant  reductions  were  observed,  NDMA  levels  were  not  reduced  below  the  9 
ppt  guideline. 

Certain  volatile  compounds  are  routinely  removed  from  water  by  air  stripping.  Since 
DMA  is  a  relatively  volatile  compound,  attempts  were  made  to  remove  this 
compound  by  purging  a  sample  with  air.  DMA-spiked  raw  water  was  purged  with 
clean  compressed  air  through  a  quartz  diffuser  for  2  hours,  followed  by  plant 
treatment  chemical  addition.  A  reduction  from  96  ppt  NDMA  in  the  control  to  61 
ppt  in  the  sample  subjected  to  air  purging  was  observed  as  outlined  in  Run  6. 
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Ultra-pure  high  performance  liquid  chromatography  water  (HPLC)  subjected  to  air 
purging  was  used  as  a  blank  to  confirm  that  the  air  used  did  not  contain  NOMA. 

Numerous  attempts  were  made  to  inhibit  NOMA  formation  by  altering  treatment 
chemicals  and  techniques.  Although  reductions  in  NDMA  formation  were  observed 
during  several  experimental  runs,  none  of  the  treatment  alternatives  examined 
consistently  produced  water  with  NDMA  levels  below  9  ppt. 


NDMA  DESTRUCTION 

Laboratory-Scale  UV  Studies 

Trials  Involving  ultraviolet  (UV)  irradiation  of  samples  containing  NDMA  resulted  in 
dosage-dependant  reduction  of  NDMA  levels.  In  the  first  series  of  tests  NDMA  was 
generated  by  laboratory  emulation  of  the  plant  process  using  raw  Grand  River 
water.  The  purpose  of  this  work  was  to  qualitatively  determine  the  effect  of  UV  light 
on  NDMA.  These  studies,  shown  as  Run  1uv  and  2uv  in  Figure  3,  involved  batch 
treatments  using  a  standard  UV  disinfection  unit.  Ultraviolet  dosages  were  varied 
by  the  length  of  time  of  exposure;  the  longest  exposure  time  yielded  NDMA  levels 
below  detection. 

Additional  ultraviolet  work  was  accomplished  by  spiking  plant  treated  water  with 
NDMA  at  levels  comparable  to  peak  levels  observed  during  monitoring.  Spiking 
was  necessary  as  the  formation  potential  in  the  raw  water  had  diminished;  NDMA 
could  no  longer  be  formed  from  plant  treatment  emulation. 

An  NDMA  reduction  was  observed  and  quantified  in  terms  of  ultraviolet  light 
dosage  applied.  These  dosages,  expressed  as  kilowatt  hours  per  cubic  meter,  are 
shown  as  Run  3uv  and  4uv  in  Figure  3.  From  Run  4uv,  NDMA  levels  were  reduced 
from  89  ppt  to  non-detectable  (5  ppt  detection  limit)  at  ultraviolet  dosages  of 
approximately  2.6  kWh/m^  (10  kWh/1,000  US  gal).  This  information  was  helpful  in 
determining  equipment  requirements  for  pilot  and  full-scale  UV  treatment  at  the 
Ohsweken  plant. 
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OHSWEKEN  NOMA  STUDY 

Pilot-Scale  UV  Studies 

NOMA  Results 

A  pilot  trial  was  deemed  necessary  as  the  quantification  of  NOMA  destruction 
during  UV  studies  had  been  based  on  data  generated  in  the  laboratory  using 
NDMA-spiked  water.  A  trial  conducted  on-site  using  treated  water  from  the  plant 
and  a  pilot-scale  UV  reactor  was  set  up  in  mid-December,  1992.  This  trial,  using 
a  Solarchem  UV  unit  rented  from  Environment  Canada,  was  aimed  at  studying  the 
effectiveness  of  UV  technology  on  actual  in-plant  NDMA  formation.  At  the  request 
of  Matrix  Photocatalytic  Ltd.  (formerly  Nutech  Environmental)  a  study  of  a  second 
UV  technology  using  a  titanium  dioxide  catalyst  was  initiated  on  March  5,  1993. 

A  total  of  43  runs  were  conducted  between  December  14, 1992  and  May  14, 1993. 
Results  of  these  runs  are  presented  in  Figures  4.1  through  4.7.  When  NDMA  levels 
in  water  feeding  the  UV  equipment  were  below  10  ppt,  UV-treated  water  samples 
were  not  analyzed.  These  runs  are  marked  with  a  single  asterisk  beside  the  run 
number;  hydrogen  peroxide  was  used  in  certain  runs  as  indicated  by  a  double 
asterisk. 

Results  of  these  runs  indicated  that  UV  was  successful  at  significantly  reducing 
NDMA  levels  in  each  of  the  eleven  runs  conducted  when  influent  NDMA  levels 
were  greater  than  10  ppt.  Non-detectable  NDMA  levels  were  reached  in  all  runs 
except  for  the  detection  of  6  ppt  NDMA  on  two  occasions  in  UV-treated  samples 
from  influent  waters  containing  NDMA  at  80  ppt  (Run  4)  and  73  ppt  (Run  31). 
These  runs  represented  the  maximum  NDMA  concentrations  observed  throughout 
the  pilot  study. 

The  effectiveness  of  hydrogen  peroxide,  which  was  used  to  enhance  the  oxidation 
capabilities  of  the  UV  light,  was  difficult  to  determine  conclusively  from  this  work. 
Runs  7  and  8  gave  some  indication  that  peroxide  alone  (in  the  absence  of  UV 
light)  may  yield  a  reduction  in  NDMA  levels.  Hydrogen  peroxide,  however,  may 
significantly  increase  chlorine  demand  and  feeding  this  chemical  would  involve 
additional  equipment  and  maintenance. 
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A  total  of  thirteen  runs  were  conducted  using  Nutech  UV-TiOg  equipment,  as  listed 
in  Figures  4.6  and  4.7.  Eleven  of  these  runs  had  low  influent  NOMA  concentrations. 
The  highest  observed  NOMA  level  while  using  Nutech  equipment  was  67  ppt;  this 
was  reduced  to  42  ppt  following  the  UV-TiOj  treatment. 

Based  on  this  limited  information,  acceptable  reduction  of  NOMA  levels  was  not 
achieved  using  UV-TiOg  technology.  Although  the  data  was  not  sufficient  to 
properly  estimate  the  required  capacity,  a  conservative  50  kW  modular  system  was 
proposed  as  being  adequate.  Additional  treatment  may  be  required  to  remove 
carbonate  and  bicarbonate  ions.  A  new  version  of  this  equipment  is  expected  to 
increase  efficiency  by  50%. 

Although  UV-TiOj  treatment  does  not  appear  to  be  effective  in  this  particular 
application,  other  advantages  of  this  treatment  were  noted.  DWSP  results  for  UV- 
TiOg-treated  water  revealed  significant  reductions  in  residual  aluminum  levels. 

This  on-site  pilot  work  has  confirmed  the  findings  of  the  laboratory  studies,  further 
demonstrating  the  capability  of  UV  irradiation  at  destroying  NOMA.  Using  the 
Solarchem  unit,  UV  dosages  required  to  eliminate  NDMA  under  realistic  plant 
conditions  appear  to  be  lower  than  predicted  from  lab  work.  During  pilot  work  a 
UV  dosage  of  1.26  kWh/m^  was  sufficient  for  reduction  of  NDMA  to  levels  below 
detection. 

These  apparent  differences  in  UV  efficiency  between  lab  and  pilot  work  may  have 
resulted  from  the  study  conditions.  Maximum  NDMA  levels  encountered  during 
pilot  work  were  lower  than  those  used  in  laboratory  studies.  More  importantly,  the 
pilot  work  examined  NDMA  formed  under  realistic  conditions  while  lab  work  was 
conducted  on  NDMA-spiked  water. 

From  the  results  of  the  pilot-scale  work,  a  single  30  kW  UV  unit  should  be  sufficient 
for  destruction  of  NDMA  at  the  levels  observed,  based  on  estimated  plant  flows  of 
20  mVhr.  Maximum  NDMA  levels  observed  during  pilot  work  were  similar  to 
maximum  levels  encountered  in  the  treated  water  monitoring  since  process 
modifications  were  made  in  February,  1992.  Should  higher  NDMA  levels  occur,  an 
increased  UV  dosage  could  possibly  be  obtained  by  reducing  plant  flows  and 
operating  the  plant  over  a  longer  period  of  time.  Further  NDMA  reduction,  in  the 
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event  that  it  would  be  necessary,  may  be  attained  by  the  addition  of  a  stand-by 
hydrogen  peroxide  feed  system.  Should  NOMA  increase  to  levels  that  can  not  be 
treated  by  the  above  techniques,  a  second  UV  unit  could  be  installed  at  the  plant. 
Consideration  should  be  given,  during  the  installation  of  the  initial  unit,  to  the 
possibility  of  adding  a  second  unit  at  a  later  date.  The  additional  cost  in  providing 
for  future  installation  of  a  second  UV  unit  is  expected  to  be  minimal. 

Details  of  dosage  calculations  and  estimated  capital  and  operating  costs  for  UV 
and  UV-TiOj  equipment  can  be  found  in  Appendix  1 .  These  calculations  are  based 
on  estimates;  all  figures  must  be  verified  by  the  consulting  engineer. 


DWSP  Results 

Drinking  Water  Surveillance  Program  (DWSP)  samples  were  collected  at  the  time 
of  UV  studies,  on  seven  different  dates  between  January  and  May,  1993.  Analytical 
results  for  six  of  these  sets  of  DWSP  samples  taken  during  UV  work  are  presented 
in  Appendix  2;  results  for  samples  collected  in  May  1993  were  not  available. 

Samples  of  the  raw  and  treated  water  were  taken  along  with  samples  following 
exposure  to  the  UV  and  UV-TiOg  treatments.  DWSP  results  for  January  and 
February  1993  reflect  treatments  using  UV  (listed  as  "POST  LAMP  3")  and  UV  with 
hydrogen  peroxide  ("POST  LAMP  3  +  H202").  Nutech  equipment  was  set-up  for 
March  and  April  1993  samples;  for  these  dates  the  description  "POST  LAMP  3" 
refers  to  Solarchem  equipment  and  "POST  LAMP  3  +  H202"  results  are  for  Nutech 
equipment. 

In  addition  to  regular  DWSP  parameters,  open  characterization  mass  spectrometry 
scans  were  conducted.  These  scans,  which  are  used  to  examine  water  samples 
for  a  very  broad  range  of  low  level  contaminants,  are  responsible  for  the  original 
detection  of  NDMA.  Open  characterization  analyses  were  intended  to  identify  any 
unusual  by-products  that  may  have  been  produced  by  ultraviolet  irradiation.  Based 
on  the  results  of  all  DWSP  analyses  received  to  date,  there  were  no  harmful 
compounds  detected  resulting  from  UV  irradiation  of  the  water. 


22 


OHSWEKEN  NOMA  STUDY 


TREATED  WATER  NOMA  MONITORING 

Intensive  monitoring  of  the  treated  water  for  NOMA  was  conducted  between 
January  1992  and  May  1993.  A  total  of  435  treated  water  samples  were  analyzed 
from  various  points  in  the  Ohsweken  distribution  system.  A  summary  of  the 
maximum,  minimum  and  average  NOMA  concentrations  for  each  sample  are 
presented  in  Figure  5.  Individual  sample  results  are  plotted  chronologically  in 
Figures  6.1  to  6.17.  Sample  results  reported  as  non-detectable  are  treated  as  5 
ppt. 

As  discussed  previously,  PACL  replaced  alum  as  the  primary  coagulant  on 
February  17  1992.  With  the  exception  of  the  2  school  sites  (J.C.  Hill  and  Emily)  the 
maximum  NOMA  levels  reported  for  all  other  locations  in  Figure  5  occurred  before 
the  switch  to  PACL.  The  maximum  NOMA  levels  observed  since  this  coagulant 
change  was  75  ppt  during  regular  monitoring  and  80  ppt  during  UV  studies.  The 
majority  of  remaining  positive  sample  results  indicated  NOMA  levels  below  60  ppt. 
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Figure  5. 

NOMA  Levels  in  the  Ohsweken  Water  Supply 

January  1  992  -  May  1  993 
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APPENDIX  1.  DOSAGE  /  COST  CALCULATIONS  FOR  UV  EQUIPMENT 

1)  Ultraviolet 

Pilot  Unit  Flow:   25  usgal/min    =    approx  95  L/min    =  5.7  m^hr 

Pilot  Unit  dosage:    (1  lamp)  7.2  kW 

=    1.26kWh/m^ 

5.7  mVhr 

When  running  at  approximately  1 .26  kWh/m^  UV  output  the  pilot  unit  was  capable 
of  reducing  the  maximum  observed  NOMA  to  levels  below  detection.  This  unit  was 
hydraulically  limited  and  higher  flows  (lower  dosages)  could  not  be  examined. 

Actual  Plant  Flow:   20  m^/hr 

1.26kWh/m^  *  20  m^hr    =    25.2  kW  UV  capacity  required 

Based  on  pilot  work,  the  estimated  UV  requirement  of  25.2  kW  should  easily  be 
handled  by  a  30  kW  UV  unit  equipped  to  handle  the  typical  plant  flow  of  20  m^hr. 

APPROXIMATE  COSTS 

Unit  Cost:  $110,000  (including  one-year  limited  warranty) 

Operating  Cost  (hydro):  (Based  on  8  hr/day  operation)  $10/day 

Lamp  Replacement  Cost:  $3,000/yr  (approximate) 

Approximate  Delivery:  6  to  12  weeks  from  order 

These  costs  are  estimated  based  on  current  information;  more  detailed  estimates 
should  be  prepared  pending  approval  of  the  installation.  This  estimate  does  not 
reflect  engineering  costs. 

2)  Ultraviolet-Titanium  Dioxide 

Data  was  insufficient  for  proper  cost  estimate.  Based  on  limited  information  and 
effective  dosage  from  UV  equipment,  estimated  cost  is  $330,000  plus  installation. 
The  proposed  system  is  modular;  lesser  capacity  could  be  purchased  and 
supplemented  at  a  later  date  if  required.  A  newer  version  of  this  equipment  is 
expected  to  increase  efficiency  by  50%. 
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Drinking  Water  Surveillance  Program  Results 
January  1993  -  May  1993 
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